Abstract. This study was conducted on design and preparation of the variable compositions bismuth antimony telluride (BiSbTe) alloys by mechanically alloying and the powders sintering to form the thermoelectric alloy materials.
Introduction
The total volume of vehicles produced in the world rises continuously due to the growth of the world's population. The internal combustion engine is in common use, the efficiency of internal combustion engine using fossil fuels is about 30-40%, the remain are those through waste heat and friction causes energy loss. For the thermoelectric material of this study, it can recycle and utilities the waste heat, and converts to electrical energy to continue to use. It is hoped that such 60-70% of energy can be recycled for reuse, and this would be an important research direction. Thermoelectric conversion technique is a potential energy technique that can perform fusion between thermoelectric material and multiple industries, such as steel refining, kilning industry, etc. Many advanced countries in the world have been putting in a lot of resources for the related studies. Thermoelectric material is up to now the most effective solution for waste heat recovery. Power generation and energy recycle from waste heat have great prospects, and this study involves both energy autonomy and awareness of environmental protection.
The Seebeck coefficients generally vary as function of temperature, and depend strongly on the composition of the conductor. If there is temperature difference existed is which is the gradient temperature, the hot end would provide higher kinetic energy for the carrier at this end. Thermoelectric generators are used for creating power from heat differentials. Hence, the amount of carriers transmitted from hot end to cold end is more and get more power generation [1] [2] . Right now, the most commonly used thermoelectric alloy under temperature of 80-350 ℃ is Bi 2 Te 3 alloy series. Nanostructure has been used to enhance the thermoelectric figure of merit ZT of Bi 2 Te 3 to above 1.2 at temperature 373K by Poudel et al. [3] Huleihel et al. say that a design high gain dc-dc converter has been used for energy harvesting of thermal waste by thermoelectric generators [4] . It can increase the voltage of thermoelectric chip from 0.3V to 24V. A 20 mV input boost has been used in converter with efficient digital control for thermoelectric energy harvesting Carlson et al. [5] .
The method for enhancing ZT of thermoelectric material is very complicated since it involves acoustic phonon scattering parameter, density of state, bulk concentration, Fermi level etc., which are all for enhancement of power factor (S2σ). Thus, the aim of enhancing the thermoelectric performance of material is to enhance its ZT, and ZT = S 2 σT/K. Good thermoelectric material should possess great Seebeck coefficient [6] .
Experimental Design
The study uses P-type thermoelectric material Bi 0.4 Sb 1.6 Te 3 and N-type thermoelectric material Bi 2 Te 2.55 Se 0.45 for analyzing the particle size, cold-pressing pressure and sintering temperature of their alloy powder, as well as the Seebeck coefficient and electrical conductivity in thermoelectric properties. The flow chart of thermoelectric material analysis is shown in Figure 1 . The thermoelectric material is cold-pressed at pressure 766.4Mpa to make P/N thermoelectric ingots, with size 8.2mm×8.2mm and thicknesses 0.8mm and 1.5mm. They are connected to form a thermoelectric module with 16 pieces. Aluminum nitride (AlN) serves as the ceramic substrate, and thin copper plate serves as the conductive electrode plate. Solder paste Sn 42 Bi 58 is used to weld the thermoelectric masses on a copper plate. There are 16 thermoelectric material masses in series connection to form the thermoelectric module as shown in Figure 2 . The electrical resistance of those with thickness 0.8mm is 0.785 ohm; and the electrical resistance of those with thickness 1.5mm is 0.6 ohm, implying that there is no disconnection between welding points, and the resistance at welding points is small. Thermoelectric modules were attached on motorcycle exhauster to generate power which are thermoelectric generators due to the exhauster heat differentials between engine exhaust in pipe inside and outside room temperature for creating power as shown on the Figure 3 . SEM and EDS are used to analyze its composition and particle size of the sample. As analyzed by EDS, its compound is Bi 2 Te 2.55 Se 0.45 ; and as analyzed by SEM, its particle size is 30μm. X-ray diffraction (XRD) analysis is made to analyze the angle and wave crest. Figure 8 , that at temperature 381K, the maximum ZT is measured to be 1.36; and at temperature 400 K, the ZT is 1.03. Thermoelectric figure of merit is expressed as ZT = S 2 σT/K. When thermal conductivity is low, ZT will be enhanced. The measured thermal conductivity of Bi 0.4 Sb 1.6 Te 3 is 1.72mW/mK 2 at temperature 381K, and the Bi 2 Te 2.55 Se 0.45 is 1.56mW/mK 2 at temperature 400K showing high performance for motorcycle exhauster used. Thermoelectric figure of merit ZT is performance of thermoelectric material in conversion efficiency. A thermoelectric generator with higher thermoelectric figure of merit ZT would turn the temperature difference between high-temperature side and low-temperature side to be energy that pushes carriers for higher power produce. 
Conclusions
From the above experimental data, the following conclusions are drawn:
(1) The measured thermal conductivity of Bi 0. (2) When thermoelectric module is actually pasted on the waste heat source, the cold-end temperature can be easily affected by thermal conductivity, also making the cold-end temperature increased and actual temperature difference decreased at the same time. As a result, the voltage properties of thermoelectric module cannot have good function. So in this work, additional heat dissipation has been carried out to enhance the temperature difference between it and waste heat so as to increase the output power.
